Background Nigeria bears the highest burden of sickle cell disease (SCD) in the world. Neonatal screening programmes for SCD in other countries have been associated with remarkable reductions in mortality and morbidity. In Nigeria, there is an ongoing effort to implement a large scale SCD neonatal screening program with long-term follow-up. This study was conducted to assess the adequacy of knowledge and perspectives of the target population with regard to newborn screening for sickle cell disease and also to identify likely barriers and challenges to the successful implementation of the programme.
Methods Two hundred and five mothers of young infants (≤2 months old) and 181 mothers of SCD affected children were recruited from primary, secondary and tertiary health facilities in Ibadan, south-western Nigeria over a period of six weeks. Questionnaires were administered to the mothers assisted by a translator where necessary, in order to determine some of the factors influencing the mothers' knowledge and perspectives towards SCD and their decision to accept neonatal screening. T-test was used to compare means of scores. Chi-square test was used to test associations between differences in proportions. Univariate and multivariate analyses were used to determine which factors could influence baseline knowledge about SCD. Multiple logistic regression using stepwise selection was used to determine which factors were important in predicting the acceptance of neonatal screening by the mothers.
Results
Higher level of education of the mothers (P=0.013) and having an affected child (P<0.001) were the major factors associated with increased knowledge base and healthy perspectives towards SCD. Fewer than 50% of the mothers had moderate knowledge of SCD and its genetic inheritance, and had also heard of neonatal screening for SCD diagnosis before the survey. Two-thirds of mothers of the young infants were willing to have their babies or future children screened and most would prefer the babies be screened at an immunization center rather than at birth centers (P<0.001). Awareness of, and perspectives towards SCD and neonatal screening influenced the mothers' acceptance of screening for their babies (P<0.05). In addition, many of the mothers would need permission from their husbands or a relative to have their babies screened.
In Nigeria, sickle cell disease (SCD) is the most prevalent genetic disease with over 4 million individuals affected (1) . Approximately 25% of the population are carriers of the sickle cell trait, and the birth incidence of the disease is 20 per 1000 live births. The World Health Organization estimates that 150,000 SCD children are born annually in Nigeria, and about 100,000 of these children die (2) . SCD patients are at greatest risk for death in the first 5 years of life with approximately 50% of deaths occurring between the ages of 6 months and 1 year (3). Newborn screening programmes in developed countries that allow for early identification of SCD and appropriate management have been shown to reduce SCD morbidity and mortality (4) (5) (6) (7) . In Jamaica, screening of neonates has led to improved outcomes in affected babies (8) . In Brazil, newborn screening for SCD started as far back as 1992 in Sao Paulo State, and by the end of the year 2000, almost 300,000 babies had been screened in 78 institutions across 36 municipalities. This resulted in knowledge of the incidence of SCD in the population (9) .
SCD is a blood disorder in which the sickling allele for haemoglobin is inherited in the homozygous state or with another abnormal gene in haemoglobin structure or production (10) . Sickled red blood cells (RBCs) are unable to pass through capillary beds and are destroyed within 10-17 days in comparison to the normal 120-day lifespan of non-sickled RBCs, leading to chronic anaemia (11) . Chronic haemolysis can lead to jaundice, formation of pigment gall stones (11, 12) and pulmonary hypertension, which is a major risk factor for death in SCD patients (13) . Obstruction of blood flow in small vessels by sickled cells can also lead to serious complications of ischemia or necrosis in all of the major organs, dactylitis, and hypersplenism (11, 12) . Approximately 11% of SCD patients experience a stroke by the age of 30 (14) . SCD may also affect the respiratory system resulting in acute chest syndrome and chronic sickle lung disease. These are leading causes of death and hospitalization for all ages of SCD (15) .
Medical management of SCD includes antibiotic prophylaxis against Streptococcus pneumonia infection, one of the early life-threatening complications of untreated disease, anti-malarial drugs, specific vaccinations, folic acid supplementation, and continual follow-up (16, 17) . A benefit of screening is that, identification of SCD in the newborn empowers parents to learn about early treatment and prevention of complications before the SCD manifests symptomatically. On the African continent, while there have been successful screening programs established in Ghana and the Republic of Benin, there is no established neonatal screening program for SCD in Nigeria, which has the largest burden (about 20%) of SCD globally (18) . In order to reduce SCD morbidity and mortality through a comprehensive newborn screening and healthcare management program in Nigeria, it is necessary for mothers to know about SCD and the value of neonatal screening. In a previous study in Nigeria that examined newborn screening for SCD in Benin City, 99.7% of 630 mothers accepted screening. That is, they had their babies tested for SCD, revealing a 3% prevalence in the babies (19) . The University College Hospital in Ibadan, Nigeria has been preparing to implement a large scale SCD neonatal screening program with long-term follow-up.
The aim of this study was to assess the adequacy of knowledge of the programme's target population with regard to SCD and newborn screening for SCD and also to identify likely barriers and challenges to the successful implementation of the programme in Ibadan, Nigeria. This would facilitate adequate preparation for the proposed program and hopefully guide implementation of neonatal screening programmes, nationwide. We hypothesized that the basic knowledge and perceptions of the target population about SCD and neonatal screening would determine the level of uptake of the proposed neonatal screening programme. Acceptance in the present study was defined as willingness of the mothers to have their babies screened whenever the planned programme would be established.
Conclusion Large scale awareness on the part of the community about SCD and the benefits of neonatal screening is necessary for successful implementation of the planned neonatal screening programme. Government funding and support for community education along with facilities for programme implementation are needed to kick off the program in Ibadan, Nigeria.
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MATERIALS AND METHODS
Health care setting
The health care system in Nigeria comprises three levels: primary, secondary and tertiary. Primary health care facilities provide general health services of a preventive, curative, promotive and rehabilitative nature to the population as the entry point to the health care system. Secondary health care facilities provide specialized services to patients referred from the primary health care level. Such specialized services are provided to general medical, surgical, pediatric, obstetrics and gynaecology patients through out-patient and in-patient services of hospitals and through community health services. Adequate specialized supportive services, such as laboratory, diagnostic, blood bank, rehabilitation, and physiotherapy, are provided. Tertiary health care facilities provide highly specialized services. These are teaching hospitals and other special hospitals that provide care for specific disease conditions or specific groups of patients (20) .
Study design
This is a multi-center, prospective, cross-sectional study of two populations. The primary group consisted of mothers of babies under two months old at five immunization health centres in Ibadan, none of whom was known to have any children with SCD. The five healthcare centres included two primary facilities (Idiogugu Health Center and Oniyanrin Health Center), two secondary facilities (Oni Memorial Children's Hospital and Adeoyo Maternity Center) and a tertiary facility (University College Hospital). The secondary group in the study consisted of mothers who are already care-givers of SCD-affected children who receive care at the two secondary facilities (Oni Memorial Children's Hospital and Adeoyo Maternity Center) and the tertiary health centre (University College Hospital in Ibadan).
Study procedure
A total of 415 mothers at these facilities participated. Any family member that was not the mother of the young infant or child with SCD was excluded from the study. For the mothers of young infants (primary group), exclusion criteria included already having an older child with SCD. For the mothers of children with SCD (secondary group), exclusion criteria also included being involved with SCD childcare for less than 6 months. The purpose of the study was explained to all recruits in English and the local Nigerian language of Yoruba. Recruits gave fully informed, written consents before participating. The study protocol was approved by the Ethics Review Committee of the University of Ibadan, Nigeria and the Institutional Review Board of the University of Chicago.
A questionnaire on paper, consisting of open-ended and close-ended questions was administered in the waiting areas for immunization or in check-up clinics. The questionnaire consisted of 51 items, including some to collect socio-demographic information, multiple choice questions to assess SCD knowledge, a Likert scale assessment of health beliefs towards SCD, and questions on the acceptability of, and barriers to future neonatal screening for SCD. Participants who were literate in English filled out the questionnaire independently, with a final check by an administrator for completeness. Participants fluent only in Yoruba had an individual translator read through each item in the local language and assist in recording each response in English. Translators were trained in advance, using a sample questionnaire, to assure consistency in translation and recording.
Statistical analysis
The knowledge questions were scored on a binary scale with a score of 1 for a correct answer and 0 for an incorrect answer. Level of education was categorized as being at one of three levels: (1) less than senior secondary education (those with junior secondary, primary and Quranic education and those with no formal education), (2) senior secondary education, or (3) tertiary education. Statistical analyses were performed using IBM SPSS (version 25) (IBM, Armonk, NY, USA) and SAS (version 9.4) (SAS Institute, Cary, NC, USA) softwares. T-test was used to compare means of scores. c 2 tests were used to compare frequencies and to test associations between differences in proportion with a level of significance set at P<0.05. Univariate and multivariate analyses were used to determine which factors could influence baseline knowledge about SCD. Multiple logistic regression using stepwise selection was used to determine which factors were important in predicting the acceptance of neonatal screening by the mothers.
RESULTS
Participant demographics
A total of 415 questionnaires were completed over the course of six weeks at the five healthcare centres. Of these, 29 questionnaires (7%) were excluded from analysis due to incompleteness or failure of participants to meet inclusion criteria. Out of the remaining 386 questionnaires analyzed, 205 were completed by mothers of young infants (0-2 months) and 181 were completed by mothers of children affected by SCD. In the mothers of infants group, the median age was 30 years (range: 18-42 years). The median age of mothers of children with SCD was 38 years (range: 23-70 years). Table 1 summarizes the characteristics of the mothers surveyed. Chi-square test and Fisher's exact tests revealed no significant differences between the two groups in terms of level of education (P=0.09) or religion (P=0.46). Most of the participants (81%) had finished senior secondary or higher education and 204 (53%) self-identified as Christian while 179 (47%) as Muslim. 
Assessment of knowledge about SCD
There were twelve multiple choice knowledge assessment questions about the cause, heritability, symptoms and treatment of SCD. Each answer was given a score of 1 or 0, as explained previously, and the scores summed. A total score of ≥6 was taken as a moderate knowledge of SCD. Mothers of children with SCD scored significantly higher (P<0.001) on the knowledge assessment than mothers of infants. The average score for mothers of children with SCD was 6.7±2.2 while that of mothers of young infants was 4.0±2.6. The two highest scoring questions were on defining SCD as a blood disorder and knowing which combinations of haemoglobin genotypes in marriage will not result in a child with SCD. Differences in the performances of the two groups of women on each of the knowledge questions was determined by c 2 ( Table 2) . 
Health beliefs
This section of the questionnaire was made up of twelve Likert scale items. These were statements about the severity of SCD, knowledge of the risk of having children with the disease, the benefits of knowing one's carrier status and barriers to genotype testing. Beliefs were assessed using a Likert scale of 1-5, where a score of 1 indicated 'strongly disagree', 2 -'disagree', 3 -'undecided', 4 -'agree', and 5 -'strongly agree'. Responses of mothers in the primary and secondary groups to the health beliefs statements are shown in Table 3 . 
SCD -sickle cell disease
About 76% of secondary group mothers admitted that before having their first child with SCD, they were not aware that their children were at risk of having the disease. However, about 20% of the mothers in both groups agreed that they were aware. Forty-three percent of primary group mothers and 21% of secondary group mothers reported that knowing their child's risk for SCD would not impact how they plan a pregnancy. A majority of mothers in the secondary group (69.4%) were not aware that their spouses were carriers of the sickle cell trait while about 22% was aware. Many more primary group mothers (32%) were indifferent and also disagreed with the notion that it is useful to know if they have the sickle cell trait compared with 18.8% of secondary group mothers (P=0.008). As for knowing the sickle cell trait status of one's spouse, 16 .3% of mothers of young infants and 6.6% of mothers of affected children strongly disagreed that there is any benefit (P=0.008).In measuring likely barriers to haemoglobin genotype testing, 22.4% of mothers of young infants were of the opinion that testing for sickle cell disease is painful and difficult while 33.1% of mothers of affected children were of the same opinion (P=0.001). About 25-30% of mothers in both groups together agreed that it would be difficult to convince their spouses to have testing (P=0.195). About 17.5% of mothers of young infants and 25% of mothers of affected children believed screening a child for sickle cell disease would be expensive while 19% and 7.2% in the two groups respectively were uncertain (P=0.004).
Acceptance of, and barriers to neonatal testing
Almost all (91.2%) the mothers of affected children knew their own haemoglobin genotype and 90% knew that of their husband, while 76.1% of mothers of young infants knew theirs and 66.3% knew that of their husband (c 2 =P<0.001).
The full distribution of genotypes of the mothers is shown in Figure 1 . More than half of the mothers of young infants attending primary health facilities did not know their genotype nor that of their husband. About 5% -SS (2%), SC (3%) -of the caregivers were patients themselves.
The responses of women in both groups to questions on acceptability of, and barriers to neonatal screening for SCD are shown in Table 4 . One hundred and fifty-one (83.4%) mothers of affected children had raised one child with SCD, 25 (13.8%) had raised two children with SCD, and 3 (1.7%) had raised three children with SCD. Only 88 (42.9%) mothers of young infants and 84 (46.4%) mothers of affected children had heard of neonatal testing for SCD diagnosis before the survey (P=0.46). The proportion of mothers of affected children (92.8%) who were willing to accept neonatal testing was significantly higher than the proportion of mothers of young infants (64.9%) (P<0.001). The most commonly stated reasons for neonatal diagnosis of SCD are knowing their child's genotype, knowing how to take care of their child early, and for peace of mind. Out of the 13 (7.2%) mothers of affected children who were not willing to have their babies screened, seven of them gave reasons, which included concerns that detection of SCD was not possible before 9 months and statements that they were not planning to have babies anymore. For mothers of young infants, 41 of them gave reasons for objecting to neonatal screening. Of these, 19 (46.3%) reported that they knew they are not carriers of the sickle cell trait and so could not have babies with SCD, and 8 (19.5%) were concerned that baby is still fragile and small for blood testing at that age.
More mothers in the primary group (c 2 test, P<0.001) and in the secondary group (c 2 =9.61, P=0.002) were willing to have their babies screened at an immunization centre, rather than have their newborn remain in the birth health facility for more than 24 hours for the hemoglobin genotype test. The inconvenience of staying at a birth health facility for more than 24 hours to have their newborns screened would prevent at least 10-20% of mothers in this study from consenting to neonatal screening, relative to getting the test done at an immunization center. Sixty two (30.2%) mothers of young infants and 16 (8.9%) mothers of affected children with SCD stated they would need permission from their husband or a family mem- ber such as grandparents and in-laws to test their baby's haemoglobin genotype (P<0.001).
One hundred and fifty-three (74.6%) mothers of young infants and 156 (86.2%) mothers of children with SCD believed neonatal testing for SCD would be beneficial (P=0.003).
Factors influencing knowledge/health beliefs about SCD
To determine factors that could have influenced the knowledge and perceptions of these mothers about SCD, multiple linear regression analysis was run based on documented socio-demographic factors. These included level of education, religion, age and number of children.
The level of education of mothers of young infants significantly predicted the knowledge base of the mothers, as knowledge base increased with higher level of education (P=0.013). Analysis of variance (ANOVA) of the knowledge scores of mothers of young infants based on level of education showed a significant difference between those with tertiary education and the two other groups (P<0.001) (Figure 2) . There was no significant difference between those with secondary education and a lower level of education (P=0.726). However, for mothers of affected children, the differences among knowledge scores across the three levels of education were statistically significant (P=0.001). The c 2 tests also showed that having tertiary education was significantly associated with the understanding of the genetic inheritance of SCD (P=0.001) and having the correct health beliefs about SCD (P=0.02). Logistic regression showed that higher level of education also positively influenced whether a mother knew her haemoglobin genotype and that of her spouse (P=0.01).
Factors influencing acceptability of neonatal screening for SCD
Mothers who already had children affected by SCD were significantly more willing to have testing for their future babies (odds ratio (OR)=6.7, confidence interval (CI)=3.552-12.638). Logistic regression using step-wise selection identified socio-demographic factors, knowledge and perceptions about SCD that could influence whether a mother was amenable or not to having her baby screened. The level of education of the mothers and knowledge/perceptions about SCD were important determinants of acceptance of screening. Mothers of young infants with tertiary education were less willing to accept neonatal screening than those with a lower level of education (OR=0.228, CI=0.067-0.777). This was not the case for mothers with affected children. For this group, the level of education did not significantly influence acceptance of future testing. Among the mothers of young infants, those who believed SCD could happen in their families, and those who indicated it is useful to know if they have a sickle cell trait were more willing to accept screening than those who were of contrary beliefs or were undecided (OR=4.020, CI=1.106-14.610) and (OR=3.681, CI=1.535-8.826), respectively. Those who had heard that SCD could be diagnosed during the newborn period and those who thought diagnosing SCD in the newborn period is beneficial were also more willing to accept neonatal screening for their babies (OR=2.432, CI=1.115-5.304, P=0.0254) and (OR=4.468, CI=1.873-10.654), respectively. Among mothers with affected children, those who had heard that SCD could be diagnosed during the newborn period were more willing to accept screening for their future babies (OR=27.27, CI=6.326-117.558). For both groups of mothers, knowledge scores were not statistically significantly related to acceptance of testing.
DISCUSSION
This study sought to assess the adequacy of knowledge and perceptions of the target population with regards to SCD and newborn screening for SCD. We also went further to identify likely barriers and challenges to the successful implementation of the programme in Ibadan, south-western Nigeria. A pilot neonatal screening program would target mothers of young infants; this study's primary group. The SCD knowledge scores from this survey identified major deficiencies of knowledge in the primary group, relative to the secondary group, concerning the genetic inheritance of SCD, the best method of diagnosing SCD, and the age at which SCD begins to manifest. The primary group mothers were not well-informed about SCD.
Questions with the poorest performance in both sets of mothers were those identifying people of African descent as having the highest incidence of SCD and identifying stem cell transplant as the only cure for SCD. The secondary group had a higher knowledge score and a better understanding of SCD inheritance because they were already caregivers to children affected with SCD. This was also the case in a study carried out in Ghana where knowing a family member with the disease or the trait was associated with good knowledge of SCD (21) .
A major knowledge deficiency identified in this survey concerns the genetic component of SCD inheritance. The situation is similar to what one study observed in Uganda. Lack of understanding of SCD inheritance was reported as one of the barriers to improving SCD care and outcomes (22) . Although the majority of primary group mothers in this study could recognize SCD as a blood disorder and were aware of haemoglobin genotype combinations in marriage that will not result in a child with SCD, most of them still lacked the understanding of the mode of inheritance of SCD. Most of them did not know a child has to inherit two HbS genes or one HbS gene and another mutated gene, one from each of the father and mother to have SCD. Concerning potential complications of SCD, it is worrisome that more than 70% of the secondary group mothers did not know SCD could cause stroke, infections and organ damage, and about half of them did not know jaundice and anaemia requiring blood transfusion were common features of SCD despite having children affected by the disease. These findings point to a deficiency in educating the general public, as well as caregivers, about SCD and its genetic inheritance.
This study also shows that mothers with tertiary education were much better informed about SCD than mothers with a lower level of education. This finding is not peculiar to mothers.
A study conducted in locations in south-western Nigeria showed that only about half of the population had a moderate knowledge about SCD and most of them were students of tertiary institutions (23) . This is not desirable for a country with the highest burden of SCD in the world. It is however surprising that 42% of the mothers of children with SCD who partici-pated in this study has a tertiary education. This points to the fact that mere knowledge does not necessarily translate to prevention.
The proportion of secondary group mothers with positive health beliefs about, and perspectives towards SCD and sickle cell trait was generally higher than that of the primary group mothers. This may be due to the experience they have had with SCD and also shows that the caregivers have learnt to cope with the condition. Some mothers in both groups strongly agreed they were aware that their children were at risk of SCD before getting married to their spouses. Also, the fact that about half of primary group mothers and some secondary group mothers reported that knowing their child's risk for SCD would not impact how they plan a pregnancy might be due to strong religious beliefs or a consequence of the inadequate understanding of the mothers about the morbidity associated with SCD. Olotu et al. (24) reported a strong influence of societal, religious, personal and traditional beliefs of caregivers of children affected with SCD on their reproductive options. This is a major barrier for the country with regards to the control of SCD which can be surmounted through partnerships with cultural and religious leaders.
One other major reason for mothers' refusal of neonatal screening in this study was the knowledge that they and/or their husbands are not carriers, meaning that they could not have babies with SCD. It is therefore, not surprising that mothers in the secondary group were more willing to accept neonatal screening. Acceptance of neonatal screening by primary group mothers in this study was just about 66% compared to a previous study at a catholic hospital in Benin, Nigeria, which had 99.7% acceptance (19) . One of the reasons for the disparity in acceptance may be due to the fact that 71% of mothers in the Benin study did not know their genotype, and most likely, would not know their husband's genotype either. Among the primary group mothers in this study, the knowledge of the risk of having a family member with SCD and agreeing to the usefulness of knowing one's own sickle cell trait were both important for the mothers to accept screening for their newborns. However, about 20-30% of mothers in both groups did not see any benefit in knowing their sickle cell trait status nor that of their husbands. This study's counter-intuitive result that refusal to have neonatal screening was associated with increasing level of education can be explained by the fact that more educated mothers were more likely to know their own and their husband's genotype. They would not see the need to have neonatal testing if they are not carriers. In order to increase uptake, a government policy formulation with the 'opt out' approach may be put in place. That is, all babies are expected to be screened unless the parents do not consent to having their babies tested.
Awareness of the possibility of diagnosing SCD in the newborn period and its benefits was also an important factor in accepting newborn screening. One of the major reasons stated by the mothers for not accepting screening was the belief that it is not possible to diagnose SCD before nine months. This belief is likely due to prior SCD education efforts about diagnostic centers that utilize cellulose acetate paper electrophoresis, a method of SCD diagnosis that is only accurate after nine months. Although about 20-30% of the mothers in both groups believed that testing for SCD is painful, difficult and expensive, the fear of pain and the cost of screening were not found to be major factors against screening among most mothers in both groups.
Results showed that awareness of the mothers about SCD and their perspectives towards SCD and neonatal screening are significantly associated with willingness to participate in a neonatal screening program for the disease. Most mothers in both groups had never even heard of neonatal screening before the study. Identification of SCD, along with parental education on the care of affected infants had been shown to reduce mortality rate in Jamaica even before the introduction of penicillin prophylaxis or pneumococcal conjugate vaccines. Parental education on the detection of enlarged spleens and need for medical attention resulted in a 74% reduction in the death rate from acute splenic sequestration (25) .
A limitation of the present study is that it was conducted in health centers located in the Ibadan metropolitan area. Results may therefore not fully reflect the situation that obtains in rural communities, where awareness of, and knowledge about SCD are much lower (23) .
CONCLUSIONS
Neonatal screening programs for SCD in some other countries have helped to reduce morbidity and mortality in affected individuals. The study underscores the need to raise general awareness of SCD among young people before marriage. There is also a need for adequate education of parents, especially mothers so that they do not miss symptoms important to the early identification of SCD and the care of affected children. This is crucial to the success of any neonatal screening and comprehensive health care management program. Large scale public collaboration with the media, aimed at increasing health awareness talks and announcements, is necessary to engage the community on the benefits of early genetic testing of children and neonatal screening for SCD.
A large proportion of the primary group mothers in this study were found to need the permission of a family member before they would be able to agree to neonatal screening. This suggests the need to give pregnant women advanced notice of the screening test so that the mothers can get the permission they need beforehand. Informal lectures on SCD and the importance of neonatal screening should be incorporated into the antenatal care program at all levels of health care in Nigeria. This would also be a good time to obtain parental consents for testing of the newborns. It is also recommended that SCD education be given in children outpatient clinics and primary health centers where young mothers who are caregivers can be reached. Unfortunately, the burden of caring for sick children fall on mothers but adequate provision of social support for families with children with SCD could enable fathers participate more closely in the care of children with SCD.
Without broader access to high quality genotyping services and improved public awareness of recent advances in the care of SCD, there is always a risk of genetic discrimination. A personalized approach to genetic counseling and prenatal testing with adequate provision of support for families would allow for improved planning since the true birth incidence can only be determined by large scale population screening. While a government policy formulation with the 'opt out' approach may increase uptake, the inadequacy of health systems in Nigeria could leave vulnerable parents and SCD neonates at risk of social stigma.
Moreover, fewer than 40% of births in Nigeria occur in health care facilities (26, 27) , and most of these occur in public sector facilities (28) . Many women give birth in other centers such as faith homes, privately-owned hospitals and traditional nursing homes. More than 60% of births occur at home, especially in the rural areas (28) . The integration of SCD screening into the current immunization schedule of Nigeria would make it easier to access newborns. Such integration with the immunization schedule would also make it easier for follow-up, in terms of collection of results and appropriate referrals for affected children. While only about 25% of Nigerian children are fully immunized by the age of 12-23 months, about 80% in that age range would have had at least one vaccination (28) . In a study based in Uganda (22) a major impediment to enrollment for early care of neonates with SCD was the inability of providers to communicate test results to about 40% to 50% of parents of affected children, as they could not be reached on telephone. This reduced the subsequent impact of the screening for SCD. In Nigeria, many mothers will bring their babies back for other vaccination appointments.
With an estimated 32.2% increase in the number of newborns born with sickle cell anemia between 2010 and 2050 and a lack of public health infrastructure to support these children, Nigeria is in dire need of policies that can improve management of the disease (29) . Our findings support a model for SCD screening in Nigeria that would include the following elements:
• Community education on SCD and newborn screening for SCD preceding the introduction of the programme and running alongside with on-going implementation to facilitate acceptance.
• Introduction of counselling about neonatal screening for SCD and obtaining consent from mothers, fathers and significant others during ante-natal care.
• Deployment of the neonatal screening program at immunization centers. This would result in better uptake among mothers.
• Integration of SCD screening with the current immunization schedule of Nigeria. This would make it easier to access newborns and also support scaling up of the program at national level.
• Building local capacity to improve uptake of genetic testing and premarital counseling for SCD among young adults Universal neonatal screening in African nations would be one of the most effective methods to reduce excess mortality and morbidity of SCD in children under five (30). Regional and pilot screening programs in Ghana (17), The Republic of Benin (31) , and Angola (32) have shown remarkable results. With these guidelines, the proposed neonatal screening model can be pilot-tested in Ibadan and perhaps other regions of the country, with adequate support of families provided by Advocacy groups such as Sickle Cell Hope Alive Foundation. Adaptations to this model can be made where necessary based on any contextual differences that may be observed in different parts of the country. These will set the stage to scale up neonatal screening throughout the country by the Federal Government as a national priority. Following successful implementation in Nigeria, the model may also be tested in other countries in West Africa and appropriate adaptations made based on contextual considerations peculiar to each country. If universal screening began in 2015, Nigeria would have had the potential to save an estimated 3.3 million lives by 2050 (29) .
